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ABSTRACT

Quantitation

of Aliphatic Aldehydes
Using a Substituted

in Rancid Turkey Meat
Hydrazone

by
Stanley J. Andrews
Utah State University,

1976

Major Professor:
Dr. Von T. Mendenhall
Department:
Nutrition and Food Sciences

Many objective
organoleptic

chemical tests have attempted

evaluation

used to detect oxidative
molecular

rancidity

weight carbonylic

contribution
present

of oxidative

carbonyls.

Peroxides

correlated
proposed

some deficiencies

with organoleptic
test measures

acetaldehyde

of earlier

evaluation

oxidative

per kilogram

hydrazone

rancidity

of sample.

weight

also react in

evaluation.
chemical test is proposed

procedures,

of rancid

are

low molecular

and other unknown substances

A 3-methyl-2-benzothiazolinone

high

weight carbonyls

than volatile

these chemical tests to give at best an empirical

which corrected

nonvolatile

which make no considerable

High molecular

concentrations

with

Major chemical tests

of lipids measure

substances

to rancid flavors.

at much greater

rancidity.

to correlate

turkey

and was
samples.

in terms of milligrams

The
of

A comparison

of the 3-methyl - 2-benzothiazolinone

with a widely used chemical
test was selected

because

though

off as formation
rancid

acid test values

increased

of malonaldehyde

reached

flavor continued

hydrazone

test measured

aldehydes

as rancid

The thiobarbituric

it is used most often as an indicator

The thiobarbituric
leveling

test was conducted.

hydrazone

flavor

to increase.

a continuing
increased

method
acid

of rancidity.

followed by a definite
a maximum even

The 3-methyl-2-benzothiazolinone

increase

of volatile

aliphatic

.

(66 pages)

INTRODUCTION

The relative
least 20 years.

instability

of turkey

on the amount of linolenic

in tissue.

They also proposed
the antioxidant

1956) compared
discovered
natural

turkey

antioxidant

properties

of turkey

The instability

of tocopherol.
meat under

However,

Mecchi et al. (1952;

controlled

area and incorporation

turkey

increased

and

level of the
was

to the chickens,

to that of chickens.

meat is due largely

of air during

in the lipid fraction

conditions

when enough tocopherol

lipid became comparable
of ground

was

effect of phospholipids

was more stable due to a higher

tocopherol.

for at

acid in feed which could be deposited

in the feed to equal the amount available

the stability

distributed

that stability

that the synergistic

and chicken

that chicken

supplemented

surface

has been studied

Kummerow et al. (1950) showed

dependent

enhanced

lipids

grinding.

to increased

Heme catalysts

the rate of lipid oxidation

(Webb

et al . 1972).
Acosta

(1952) fractionated

and white turkey

storage

uptake by each of the turkey

phosphoglyceride

and phospholipids

muscle and found a significant

lipid content with increasing
oxygen

lipids

oxidized

time.

change in the phospho-

Further

lipid fractions

most rapidly

whereas

from both red

measurements

of

showed that choline
sphingomyelin

and the

2

non-phospholipid

fractions

were fairly resistant

to oxygen

uptake

(Acosta

1952; Acosta et al. 1964; Acosta et al. 1966).
Enzymatic
(1953).

Tappel

catalysis

(1955) studied

bins on the oxidation
rate of catalysis
differences
turkey

as measured

and Forsythe

Significant

acid test (TBA) led Marion

that differences

in lipid and heme compo-

lipids were found to be more unsaturated

than those of red meats (Lea 1938) and contain lower levels
antioxidants

(Marion and Forsythe

et al. (1964) concluded
oxidation

rates,

Muscle lipids
high degree
hard fat diets

1964; Keskinel

this to be the reason

as measured

of unsaturation
(Watts 1962).

fatty acid composition

parts

white turkey

of various

is maintained

in tissues

change.

could be altered

palmitate

was found to affect the fatty acid composition

and female turkeys

Implantation

thereby

(Osborn

structures

and a

even on fat free or

of estradiol-17

and oleic acids were increased

acids decreased

beef .

by dietary

no significant

linoleic

pigmented

Chung et al. (1967) attempted

in turkeys

increasing

et al. 1969).

Keskinel

meat exhibitied

cellular

observed

amount of palmitoleic

of natural

et al. 1964).

by TBA, as high as heavily

are integral

in the

rates of red and white

by the thiobarbituric

Poultry

hemoglo-

difference

heme compounds.

the autoxidation

(1964) to conclude

sition were responsible.

by Clegg et al.

but found no significant

by these heterogeneous
between

was proposed

the effect of rat , hog and turkey

of linoleate

observed

meats,

of lipid oxidation

to see if lipid
control but
betamono-

somewhat.
while stearic

the stability

The
and

of lipids in male

3

With more sophisticated
at changes

occuring

separated

turkey

lipid into several

were observed

storage.

Further
saturated

P-inositol,

fractions

P-serine,

sphingomyelin

unchanged,

of lipids,

(Fishwick

1970).

and Zrnarlicki

whereas

in turkey
for carbonyl

when catalyzed

products

including

Since carbonyl

compounds

compounds

the fresh meat samples and no saturated

an investigation

result of the process

deboned

turkey

turkey

or unsaturated

meat but thought

and/ or from the muscle tissue.

into
skin

of the lipids
(Thomas

compound in any of

Dimick et al. (1972) found low concentrations
in freshly

result from

(DNPH) derivatization

monocarbonyl

of un-

malonaldehyde

by hexane extraction

hydrazine

Acetone was the only aliphatic

alk-2-enals

P-cho-

by heme pigments,

meat was begun . Fresh , uncooked

followed by 2, 4-dinitrophenyl

differences

P-ethanolamine,

and exhibit very low flavor thresholds,

their occurance

found.

showed cholesterol

work with turkey muscle showed that autoxidation

oxidation

1970).

their reaction

after storage.

gives rise to short-chain

was analyzed

and examined

in mono-, di-, and triglycerides,

fatty acid constituents

autoxidation

fractions

of fatty acids essentially

line and lyso-P-choline

to look closer

Maxon and Marion (1970)

The TBA numbers

free fatty acids,

and methyl esters

it became possible

in minor constituents.

to TBA after controlled
and its esters,

techniques

aldehydes
of alkanals

were
and

these to be a

4

The main objectives

of this study were:

1. Develop methodology
levels in mechanically

de boned turkey

2. Correlate
panel evaluation

determining

to determine

aliphatic

of rancid

the aliphatic

aldehyde

meat.

aldehyde

concentration

with organoleptic

turkey meat.

3. Comparison

of the proposed

oxidative

.

rancidity

system to the TBA method for

5

REVIEW OF LITERATURE

The 2-thiobarbituric

acid (TBA) test for rancidity

fats has been the subject
as an objective
colored

test.

of considerable

work to improve

Its basis is the colorimetric

complex formed by the combination

a product

of lipid oxidation,

and/or

other TBA reactive

advantages

of a red-

of TBA with malonaldehyde,
substances

(TBRS)

et al. 1954; Sinnhuber

et al. 1960; Lea and Swoboda

The TBA test has several

its reliability

evaluation

(Wilber et al. 1949; Patton and Kurtz 1951; Turner
et al. 1958; Ta.rladgis

in oxidized

1962; Watts 1962).

over previous

test procedures.

It was found to be more sensitive

then the Schibsted

the Kreis test and iodine number

(Patton and Kurtz 1951) and its sensi-

tivity actually
1964).

Turner

than peroxide
rancidity,

et al. (1954) reported
numbers

values

considerably

an effective

values.

breakdown

threshold

by Yu and Sinnhuber

means for the determination
including

et al.

of

This is because

for rancidity

(Turner

degrees

products

within a TBA test procedure

products

(Keskinel

for different

than peroxide

show good reproducibility

of fishery

et al . 1954)

TBA to be much more sensitive

intermediate

at the organoleptic

TBA method described

of unsaturation

and, when compared

measure

If the variables

the results

variety

with the degree

it is more consistent

peroxide

1954).

increases

test (Turner

and may vary

(Turner

et al.

are held constant,

et al. 1954).

A modified

(1957) showed the test to be

of oxidative

rancidity

in a wide

fat in fish meal, fish oil, fresh and

6

frozen fish.
TBA values

In tests with frozen pork the correlation
was very high for cured

1964) and good correlation
(Turner

and uncured

was found between

samples

odor with

(Zipser

et al.

TBA and palatability

tests

et al. 1954).
Since "bound"

fat solvents,
material

lipids

the direct

are not completely

application

offers a possible

solution

comparative

specificity
fatty acids

test may have as a measure
been recognized

of oxidative

with the profile of polyunsaturated

acids would develop

because

products

How ever many advantages

. TBA color developed

equal levels of autoxidation

of their rancidity

This is possible

of the TBA test for oxidative
(Lea 1953).

with "ordinary"

to the lipid-containing

to the measurement

and Watts 1960; Lea 1953).

saturated

extractable

of TBA reagent

(Younathan

acids

of rancid

rancidity

of the

of polyunthe TBA

some disadvantages

from autoxidized

have

lipids will vary

fatty acids in each sample . Thus at

,. a tissue

rich in highly

unsaturated

fatty

more TBA color than one rich in less unsaturated

(Dahl et al. 1962).
Several

include

compounds

sugars,

c,(, b-unsaturated

of oleate and linoleate
complex absorbing

interfere

malonaldehyde

some short-chained

et al. 1949) and

it is a product

besides

aldehydes,
aldehydes

at 525 and 550 nm although
(Tarladgis

with the TBA-malonaldehyde

tissue

resulting

(Patton and Kurtz 1951).

of lipid oxidation

react with TBA.
aldehydes

These
(Wilbur

from the oxidation

Glyoxal forms a colored
there is no evidence

that

et al. 1960) and does not

readings

at 540 nm (Tarladgis

7

et al. 1960).

TBA reagent

and heat, the conditions
degradation

products

malonaldehyde

is unstable

in the presence

under which it is generally

complex

and malonic acid.

subsequent

treatment

hydrolysis

may also accelerate

well as the -CH

2

TBA molecule.
yield alloxan.

treatment

The same treatment

These possible

complex is measured
reagent

above mentioned
ensure

the oxidation

changes

of the mercapto group as

aspects

out these side-effects

and could
treatment

of the red TBA-malonaldehyde
against

the preparation

a blank containing
If some or all of the

of a blank to

becomes imperative

to obtain

results.

When TBA reagent

is added directly

to an oxidized

and the whole mixture is heated for long periods
necessarily

of the

of the TBA test have not

the same as the sample.
occur,

groups

to oxidation

The optical density

side-reactions

the

Acid-heat

of TBA upon acid-heat

in a spectrophotometer

it

acid, which may

to urea and malonic acid.

for the quantitative

and treated

cancelling

quantitative

can hydrolyze

may also hydrate

barbituric

The latter is very susceptible

been fully investigated.

TBA-acid

as the TBA-

group located between the two carboxyl

and their significance

and its

(Lea 1953).

-CSH groups of the TBA molecule yielding
undergo

used,

absorb at the same wave lengths

Because TBA is an amide, acid-heat
to thiourea

of acid, peroxide,

treated

in the same way (Tarladgis

food product

of time the blank is not
et al. 1962).

8

Sinnhuber

and Yu (1958) proposed

malonaldehyde,

formed by acid hydrolysis

(TEP),

as a standard

lipids.

However,

by knowing

methods

of heating

with a strong

acid.

have been developed

All test procedures

This step

by Turner

involved

was essential
(Sinnhuber

et al. (1954)
for 30 minutes

heating

for the liberation

the food
of malon-

and Yu 1958; Turner

of malonaldehyde

complex was then extracted

and compared

et

with TBA

application

substances

other than products

of oxidizing
an alternate

is first steam distilled

then added to react with the distillate
points

to a reagent

method is open to the objection

(Lea 1957) . For this reason,
which the product

from the aqueous

spectrophotometrically

The direct

procedure.

as

et al. 1960).

The TBA-TBRS
with solvent

that

in which the TBA reagent

the meat sample with TBA reagent

al. 1954) as well as for the condensation

interesting

out, it is conceivable

of a lipid one could use the TBA reaction

from some precursors

(Tarladgis

from autoxidized

of the extent of oxidation.

acidic conditions.

aldehyde

with malonaldehyde

with TBRS . The first was developed

and consists

TBA method using

of l, 1, 3, 3-tetra-ethoxypropane

as Dahl et al. (1962) pointed

measure

Different

under

for comparison

the composition

a quantitative

is reacted

a quantitative

of

results

was developed

in

with acid and the TBA reagent

(Tarladgis

should be mentioned

Under acidic conditions

procedure

blank.

that a variety

fats give similar

phase

et al. 1960).

concerning

distillates

Some

the distillation

from TEP standard

9

solutions

yielded

68% of the possible

of 69% was obtained
Tarladgis

malonaldehyde.

both with TEP standard

At pH 1. 5 a recovery

and with meat samples.

et al. (1960) also stated that the distillate

contain

compounds

further

modification,

TBA reagent
treatment.

which react with TBA to give a peak at 450 nm.
Tarladgis

is reacted

directly

Their results

reaction

color development.

Furthermore,

is produced

a method whereby

with the food product

without heat

responsible

it was demonstrated

as a result

of the oxidative
treatment

from a precursor.

for the degradation

of the 450 nm peak,

treatment

that free malon-

breakdown

is not required

of unsaturatfor the liberation

They found that acid is mainly

of TBA and contributes

method is used,

to the appearance
to TBA itself

the 390 and 452 nm peaks

shown in their data must have been due to the reaction

of unknown

in the sample with TBA.

Saslaw et al. (1963) reported
in the area of TBA-malonaldehyde

stated that inasmuch
of the carbonyl
identified

nor for maximum

but since no such peak is attributed

when their ambient temperature

compounds

is not necessary

of TBA with malonaldehyde

ed fatty acids and that acid-heat
of malonaldehyde

In

et al. (1964) reported

showed that acid-heat

for the condensation

aldehyde

from meats may also

as TBA reacts

function,

carbonyl

TBA-TBRS complexes
complexes.

Saslaw and Waravdekar

with standard

reagents

the TBA test must be regarded

compounds.

did not absorb
(1965)

for detection

as a test for un-

10

Irradiation

of linolenic

chromatographically

and arachidonic

distinguishable

solutions

obtained

from

obtained

from malonaldehyde.

among the compounds

TBA-active

is readily

converted

products

The TBA color developed
of polyunsaturated

By knowing

itative

mixtures

of lipids

and be available

to volatilize

only,

bound malon-

lipids will vary with
in each sample.

rich in highly

of a lipid,

the TBA reaction

the TBA reaction

Thus

unsaturated

of the extent of oxidation.

significance

fatty

fatty
could be

However,

with

could only have qual-

to oxidation.

fatty acids.
under

whereas

with proteins.

et al. (1948) reported

were incubated

anions

Free malonaldehyde

form by acidification

a tissue

measure

are formed from unsaturated
linolenate

at neutral

as hydrated

accumulate

fatty acids existing

the composition

and comparative
Bernheim

to that

more TBA color than one rich in saturated

used as a quantitative
heterogeneous

The chromogen

was not evident.

would be present

from autoxidized

at equal levels of autoxidation,

acids.

of irradiation

are necessary

in several

of malonaldehyde

that in moist food systems

into its volatile

and heating

acids would develop

the presence

with other food constituents.

from its reaction

the profile

were similar

They would therefore

interaction

both acidification
aldehyde

compounds

such as malonaldehyde

which are not volatile.
for further

compounds.

process

Kwon et al. (1965) reported
pH, substances

TBA-active

However,

after either

acids resulted

thiobarbituric
Pure linoleic

100 %oxygen

reactive

substances

acid and pure methyl

at 37 C for 2-3 hours.

11

After incubation
thiobarbituric

pure linoleic

acid produced

acid while pure methyl linolenate

of the characteristic

in autoxidation

results

ascorbic

a large amount

acid and mercapto

of fatty acids.

acid gives the most sensitive
acids give positive

produced

color.

Wilbur et al. (1949) reported
as catalysts

only a trace of color with

compounds

They also found that linolenic

TBA test of all the fatty acids.
with the TBA test,

arachidonic

Some

c 20 fatty

being the most

sensitive.
To determine

the fatty acid composition

Privett

et al. (1955) raised

starter

rations

of the growing
eviscerating
excluding

(Table

diet (Table

period

1).

giblets.

of linolenic

Privett

and arachidonic
breast

Bernheim
most positive

Leg and breast

turkey

hens on

1) for 14 weeks ad libitum.

the hens were slaughtered

(Table 2).

1. 46 in turkey

bronze

muscle lipids,

The hens were kept in confinement

plant . The 10 hens averaged

composition

arachidonic

ten broad-breasted

for ten weeks

and given the growing

of turkey

and dressed

12 . 47 pounds

At the end
at a commercial

dressed

meat lipids were analyzed

weight,

for fatty acid

et al. (1955) showed that the total percent

acids in turkey

leg meat lipids was 1. 45 and

meat lipids .

et al. (1948) and Wilbur et al . (1949) showed that the

reacting
acids .

autoxidized

fatty acids with TBA are linolenic

and

12

Table

1.

Starter rations fed turkey
fatty acid composition*

hens to measure

Ingredients
(starter

Diet A
ration)

effect of diet on

Diet B
(growing ration)

lbs.

lbs.

220

270

Wheat bran

100

100

Wheat middlings

100

150

Pulverized

100

150

25

50

100

100

250

150

Fish meal

30

20

Oyster

shell

15

5

iodized

5

5

5

5

Ground

yellow

corn

oats

Alfalfa meal
Meat and bone
Soybean

Salt,

scraps

(50%)

oil meal

Riboflavin

(B . Y. 500)

concentrate

A and D feeding

oil

3

1

.25

.25

.05

.05

2

Dry D 4
3

Manganese
sulfate (Techrnangan)
. 25
Whole oats and shell corn fed free choice with growing
1
227 mb./lb.
2

Merck

no.

3, 12. 5 mg.

3400 D, 3000 A.
981, 000 units/lb.

4

*Privett

et al.

(1955)

B zllb.
1

. 25
ration
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Table

2.

Composition of lipid
muscle of turkey*

Analysis

Tetraenoic

acids

extracts

from the leg and breast

Leg

Breast

%

%

0

0

29 . 9

30.7

Oleic acid

43.6

43.0

Linoleic

24.8

24.6

Saturated

acids

acid

Lino lenic

acid

Arachidonic

*Privett

acid

et al.

(1955)

1. 22

1.13

0.23

0.33
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Because
percentage

linolenic

and arachidonic

acids represent

of the total fatty acids in turkey

seem like a very good test for determining
Sawicki

and Stanley

detection

of aliphatic,

involved

the reaction

meat , the TBA test does not
autoxidation.

(1960) reported

aromatic

a new colorimetric

and heterocyclic

of an aldehyde

then with p-nitrobenzenediazonium

such a small

method for

aldehydes.

The procedure

with 2-hydrazinobenzothiazole
fluoborate.

and

A blue to green

formazan

'

anion was formed with positive
zinobenzothiazole
Sawicki

reacting

method for aliphatic

et al. (1961) described

photometric

determination

aldehydes.
aldehydes

another

was very

of water-soluble

linone hydrazone

(3M2BH) to give a blue cationic

The mechanism
the following
hydrazone

steps:

of aldehydes

dye with a high molar

of the aldehyde

to formaldehyde

of A to a reactive

procedure

cation C; oxida-

dye D (Figure

et al. (1961) found the 3-methyl-2-benzothiazolinone
procedure

superior

for the determination

propionaldehyde

and larger

was more highly

selective

1) .
hydra-

to the 2-hydraziobenzothiazole

of aliphatic

aldehydes.

involved

with 3-methyl-2-benzothiazolinone

tion of azine B and cation C to form the blue cationic

zone colorimetric

His

with 3-methyl-2-benzothiazo-

as applied

A to form the azine B; oxidation

Sawicki

spectra-

system.

of this procedure
reaction

sensitive,

aliph atic aldehydes.

on the reaction

in an acidic aqueous

the 2-hydra-

method for the selective

method was based

absorptivity

Although

aldehydes,

However,

for formaldehyde,

such as acetaldehyde,

the latter

even though

procedure

the 3-methyl-

~H3

O(

N~

qH3

C==N-NH

/(/\\

S

+CHO
2

~

CH
I

2

·

=>

O(N""
I
C===N-N==CH
/®
~

2

S

B

3

(O~O(i N'c=N-N H +
H

~

/[;:'\

s~

CH3

CH3

N'

@+@~fri'(OC-~ c--N=-=N--C
s/
@
'-,i

Figure

1.

Reaction

mechanism

of formaldehyde

,+

/N)J
r_~

I

I

·H=-=N~N- - -~

with 3- methyl - 2- benzothiazolinone

~s

hydrazone

I-'
CJl
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2-benzothiazolinone

hydrazone

dye with formaldehyde
Lindsay

method gives a much more intensely

(Table 3).

and Day (1965) modified

and adapted

by Sawicki et al. (1961) for the spectrophotometric
actealdehyde
oxidation
al.

in lactic starter

cultures.

time was very critical

(1961) used an oxidation

chloride;
samples

Lindsay

colored

the method described
determination

They found that the ferric

in obtaining

reproducible

time of 5 minutes

data.

after addition

and Day (1965) found that absorbance

were not reproducible

of
chloride
Sawicki et

of ferric

values

on duplicate

until after a 25 minute oxidation

time

(Table 4).
Sawicki et al. (1961) reported
acetaldehyde-dye
69, 000.

complex.

The higher

time employed

larger

sensitivity

Lindsay

probably

of 51,000 for the

and Day obtained

a value of

was due to the longer

oxidation

in the modified procedure.

The highly
thiazolinone

whereas

a molar absorptivity

selective

hydrazone

aldehydes

reagent

(Sawicki

of the azine reaction .

sensitivity

of acidic aqueous

for acetaldehyde,

et al. 1961) provides

3-methyl-2-benzo-

propionaldehyde
a basis for further

and
study
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Table 3.

Comparison of methods for determination
formaldehyde*
(4.5~g of CH 0 per ml.)
2

of

Color

Absorbance

Schiff

Blue

0.06

Phenylhydrazine

Red

0.16

Purple

0.20

2-Hydraziobenzothiazole-p-nitrobenzenediazonium fluoborate

Blue

0.36

2-Hydrazinobenzothiazole

Blue

0.80

3-Methyl-2-benzothiazolone hydrazone

Blue

1.00

Method

Chromotropic

*Sawicki

acid

et al. (1961)

18

Table 4. Effect of ferric chloride oxidation time on sensitivity
and reproducibility
of determinations
for O. 02 mg
acetaldehyde*

Oxidation
time
min
5
10
15
25

bAll samples were read against appropriate
Obtained using final modified procedure.
*Lindsay

and Day (1965)

Absorbance
666 nma
0.405
0.310
0.560
0.605
0.624
0.575
0.630b
0.630
reagent

blank.
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PROCEDURE

Sample preparation
All samples
Utah.

were obtained

Samples consisted

from Ogden Poultry

of meat mechanically

frames and necks by a Beehive AU-4171,
cylinder

(Beehive

and separated
hours

Machinery,

necks were used and samples

after mechanical
Frozen

turkey

samples.

Five

3-pound

sample 3 comtained
sample 5 contained

and 13. 62 g salt.

from turkey

a . 031 inch perforated

Utah).

Freshly

were prepared

samples

meat (MDTM) were prepared

g salt,

Ogden,

boned frames
within

12

separation.

Sample 1 was held as a control,
bate,

separated

through

Inc. , Sandy,

Company,

of mechanically

and frozen

in polyethylene

sample 2 contained

3. 42 g prague

powder,

containers.

O. 75 g sodium erythro-

sample 4 contained

O. 75 g sodium erythrobate,

All additives

de boned

were mixed thoroughly

13. 62

3. 42 g pr ague powder
and samples

stored

at-21C.
Reference

samples.

Reference

22% salt by weight to 40 pounds
daily and stored
Aldehyde

were prepared

by adding

of MDTM. They were thoroughly

at room temperature,

mixed

4 C and 13 C.

Assay

Lindsay
whether

samples

and Day method.

the method proposed

Initial tests were conducted

by Lindsay

to determine

and Day (1965) could detect differences

20

in aldehyde

levels in mechanically

were prepared

de boned turkey

and stored

as described

and 60 days for aldehydes

(Table 5) .

meat . Frozen

above and analyzed

samples

after 30, 45,

Reagents:
Aqueous

1.

O. 4% solution

hydrazone
Dimethyl

3.

0 . 2% solution

4.

Acetone.

5.

Foamkil.

Twenty

sulfoxide
ferric

grams

consisted

of sample

(DMSO).

chloride

were

in O. lN HCl.

weighed

of antifoam

agent

of 2.5 ml distilled

3- methyl-2-benzothiazolinone
DMSO .

monohydrate.

:

tube and a small amount
reagent

hydrochloride

2.

Procedure

of 3-methyl-2-benzothiazolinone

The collection

water,

hydrazone

reagent

into a 25 x 25 mm test

added.

The collection

2 . 5 ml of 0 . 4 %aqueous

hydrachloride

was added

and O. 5 ml of

to a 50 ml conical

centrifug e

tube .
The collection
control,

system

were placed

of nitrogen

per minute

Upon completion
assembled

was assembled

in a 65 C water

bath

and samples,
and purged

along with
with

100-125 ml

for one hour .
of purging,

and the purging

the apparatus

tips were

rinsed

was partially

with a few drops

disof

21

distilled

water into the collection

removed

and the initial

holding

at room temperature

milliliters
added,

reaction

of O. 2% ferric
mixed,

tubes .

for 25 minutes.

chloride

volumetric

flask,

absorbance
against

by adding

reagent,

dilutions

reagent

Modification

of Lindsay

within
blank.

30 minutes
A standard

directly

procedure

to stop

to a 50 ml

to determine

could be reduced

The

by reading
curve

was pre-

to the collection

for color development

and Day ' s method.

Lindsay and Day (1965) was analyzed
time of the procedure

at

and mixed immediately

of acetaldehyde

followed by the regular

25 minutes,

to volume with acetone.

at 666 nm was determined

by

acid was then

were then transferred

and brought

handled

were

and one-half

in O. lN hydrochloric

The samples

rinsed

a similarly

pared

Twelve

and allowed to stand for exactly

reaction.

tubes

was allowed to go to completion

which time 20 ml of acetone was added
the oxidation

The collection

The procedure
whether

.
of

the total

and some chemical reagents

eliminated.
Dimethyl

sulfoxide

CDMSO) and antifoam.

and antifoam agent was evaluated
final absorbance
on samples

reading

by analyzing

of a standard

The need for DMSO

their effect on the

solution

of acetaldehyde

and

of MDTM.

Four tests were conducted
(1965) and altered

as follows:

using

the method of Lindsay

(1) procedure

and Day

as outlined using DMSO

22

and antifoarn agent,
agent,

(2) using DMSO, no antifoarn agent,

no DMSO, ( 4) no DMSO or antifoarn agent.

Heating

Absorbance

using 11 . O),tg acetaldehyde

if any, were determined

time and temperature

. Lindsay

(3) antifoam

as a standard

relationship

was evaluated

to determine

aldehydes.

of collected

mechanically

deboned turkey

meat were prepared

five different

time intervals,

and the volitile aldehydes

Five duplicate

Initial
reaction

with longer heating

reaction

sets of

collected.

This

and still obtain

times (Table 7).

time . Sawicki et al. (1961) reported

time of 15 minutes at room temperature

results.

homogenous

and heated to 65 C for

was done to see if the heating time could be shortened
results

this time / temp-

its effect on the final

concentration

comparable

(Table 6).

and Day (1965) heated

samples for one hour at 65 C to collect volatile aldehydes,
erature

differences,

an initial

was needed for reproducible

There was very little color change from 15 to 45 minutes and no

further

change in color intensity
Standard

procedure

concentrations

with a reaction
of acetaldehyde

period of 48 hours.
were prepared

of Lindsay and Day (1965) was followed for color development

The only change in procedure

was identical

samples were allowed varying

times for the initial reaction . This was done to determine
reaction

and the

effect on the final absorbance

of acetaldehyde
Ferric

readings

the initial

of a standard

concentration

(Table 8).
chloride

of the O. 4 %aqueous

oxidation

time.

Sawicki et al. (1961) used 5 ml

3M2BH solution as L'1e collection reagent

and 25 ml

.
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of O. 2 %aqueous hydrochloric
reagent.

They reported

the addition of ferric

ferric

oxidation

chloride

chloride

solution as the oxidizing

time requirements

for reproducible

of 5 minutes after

results.

Lindsay and Day (1965) used 2. 5 ml of the O. 4 %aqueous hydrazone hydrochloride

solution as the collection

0. 2 %aqueous hydrochloric
reagent . They reported
reproducible

chloride

absorbance

values on duplicate

samples were not

time (Table 4).

the ratio of hydrazone

reagent

to oxidizing

is 1: 5. This same ratio was used, but volumes were reduced

0 . 5 ml of O. 4 %aqueous hydrazone
hydrochloric
reduced
reagent

and 12. 5 ml of

solution as the oxidizing

until after a 25 minute oxidation

In both procedures

reagent

ferric

reagent

ferric chloride

of the reaction

amounts of 3M2BH and hydrochloric
volumes were desired

in the collection
the purging

tip could be submerged

Aldehyde

capacity of the

ferric chloride.

Reduced

for this study so that the volume of water

tubes could be increased.

collection efficiency

and 2. 5 ml of O. 2 %

hydrochloride

for evaluation

to

This would increase

in the 3M2BH reagent

the depth

and increase

(Table 9).

collection

system . The volatile aldehyde

collection

system

as outlined by Lindsay and Day (1965) was found to be unsatisfactory
this study.

Their system involved

several

times before determining

reagent

involves
An aldehyde

the

transferring
the absorbance.

time and increases
collection

the aqueous

3M2BH reagent

Transferring

of the

the chance of error.

system was designed

for

to allow maximum

24

collection
reagents

efficiency

of volatile

and allow purging

aldehydes

the sample with nitrogen

3-Methyl-2-benzothiazolionone
the above described

, minimum transferring

hydrazone

tests were conducted

was used to determine

aliphatic

aldehyde

of

gas (Figure

2) .

(3M2BH) method.

After

the following modified procedure
concentration.

Reagents:
1. Aqueous O. 4 %solution of 3-Methyl-2-benzothiazolinone
hydrazone
2.

hydrachloride

0. 2 %ferric chloride

3. Acetone,

reagent

monohydrate.

in O. lN hydrochloric

acid.

grade.

Procedure:
Blend 50 g of sample with 50 ml distilled
at low speed,

water in a Waring blender

just long enough to obtain a good homogeneous

aliquot.

Pipet a 4 ml aliquot into a tared 250 ml flat bottom flask (24 / 40 g/s)
and weigh to the nearest
gentle agitation
aqueous
water.

milligram.

of the flask,

add to a 50 ml volumetric

3-methyl-2-benzothiazolionone
Assemble the collection

purging

Partially

tip with 5 ml of distilled

hydrazone

water and slurry

and 15 ml of distilled

with 100-125 ml of nitrogen

disassemble

the apparatus

gas

and wash the

water into the 50 ml volumetric

collection

..
flask.

Stopper

the flask and allow initial reaction

holding at room temperature

for 25 minutes,

by

flask O. 5 ml of . 04 %

system and place the 250 ml flat bottom

flask into a 65 C water bath and purge
per minute for 1 hour.

Add 20 ml distilled

to go to completion by

then add 2. 5 ml of O. 2 %

25

ferric

chloride

Terminate

in O. lN HCl, mix and allow to react for exactly 50 minutes .

the oxidation

reaction

acetone to volume and mix.
reading

absorbance

Aldehyde

Sensory

Add more acetone if needed to volume before

at 666 nm,

concentration

after 50 minutes by immediate addition of

vs.

the dye complex is stable for 30 minutes.

oxidative

panel design.

rancidity

A semi-trained

imately 25 members who had been screened
Panel members determined
odor.

Identified

panel consisting
by triangle

of approx-

testing was used.

by smell when they could detect a rancid

fresh and rancid

samples of mechanically

de boned turkey

meat, and unknown test samples were given to each member for comparative
purposes.

None of the panel members smoked and were instructed

wear odiferous

compounds

Experimental
manner.

design.

3-Methyl-2-benzoth

the same day as the sensory

that would interfere

with the testing procedure.

Test samples were presented
i azolinone hydrazone
panel.

in a randomized

tests were determ ined

Test samples were considered

when 75%or more of the panel recorded

not to

a positive

indication

rancid

of rancid

odor.
Fresh,

rancid,

and unknown

test samples were presented

members in green glass bottles covered

with parafilm

to panel

(American Can Co.)

and were allowed to come to room temperature

before being presented

the sensory

sheet is shown in the appendix,

(Figure

6).

panel.

A sample of the evaluation

to
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Sample preparation.
the beginning
presented

of each panel evaluation

fresh samples were obtained
period,

at

and kept frozen until

to panel members.

Identified
erature

Identified

rancid

as described.

test to determine

samples were prepared
Investigators

the approximate

and stored at room temp-

took part in a trial sensory
aldehyde

concentration

evaluation

in rancid

MDTM.
Test reference
cribed

samples were obtained

above and presented

in a randomized

and stored at 13 C as desmanner to panel members.

2-Thiobarbituric
acid test vs.
3-methyl-2-benzothiazolinone
hydrazone test
Objective

. The 3M2BH method as described

an established

TBA method for determining

was conducted

to determine

levels

(Table 12; Figure
Sample preparation.

as described

earlier

the sensitivity

rancidity.
difference

This comparison
in detecting

aldehyde

5).
Reference

samples were obtained

and prepared

and stored at 4 C. The samples were thoroughly

daily and aliquots taken at random time intervals
TBA procedure.

herein was compared to

mixed

for analysis.

The TBA method as described

by Sinnhuber

and

Yu (1958) was used as follows:
1. Fifty gram samples were blended

with 50 ml distilled-deionized

water at low speed just long enough to obtain good homogeneous
samples.
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2. Five milliliter

aliquot of (1) was pipetted

bottom refluxing
3.

4.

of distilled

5. Ten milliliters
hydrochloride

water was added to (2) and

of the flask.

of TBA solution

of Kohn and Liversedge

6.

deionized

by gentle agitation

Six milliliters

250 ml flat

flask.

Five milliliters
slurried

into a tared

was prepared

following

the method

(1944) and added to (3).

of O. 5 M trichloroacetic

acid and 5 ml pyridine

were added to the flask prior

to refluxing

for

30 minutes

on an electric

Sixty-nine

milliliters

of O. 6 N HCl were then added through

condenser

adjusting

the total volume of the flask to 100 ml.

7. Refluxing

heater.

was allowed to continue

cold water bath until the contents

for 10 minutes

the

followed by a

of the flask reached

a temperature

of 27 C.
8. A 40 ml aliquot of the cooled mixture
centrifuge

tube and centrifuged

free of suspended
9. The supernatant

was placed

for 10 minutes

in a 50 ml
at 5, 000 rpm until

matter.
liquid was mixed with petroleum

ratio of 3: 2 and shaken,

then centrifuged

ether in the

for 5 minutes

at 5, 000

was determined

on a

rpm.
10. The absorbancy

of the clarified

solution

Beckman Model DB spectrophotometer
a reagent

blank prepared

at 535 nm and compared

by substituting

5 ml of distilled

to

28
deionized
11 . A standard

water for the sample .
curve of the absorbance

of malonaldehyde
liter was prepared

ranging

of various

concentrations

from 1. 0 x 10-6 to 6. 0 x 10-6 moles /

and plotted .
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RESULTS AND CONCLUSION

Sample preparation
Frozen turkey
to a rancid

state.

temperatures
growth.

meat samples required

For this reason reference

and salt added to increase

This procedure

45 to 60 days to oxidize
samples were stored at higher

autoxidation

and inhibit microbial

was found very satisfactory

in increasing

the

rate of autoxidation.

Lindsay

and Day method

An initial test using the modified method of Lindsay and Day
(1965) to determine

if the method could detect aldehyde

ically deboned turkey
case with increasing
levels.

meat showed very good positive
storage

With the results

time there was an increase

being so positive,

if it could be modified and improved.

summarized

the procedure

concentrations

was obtained , whereas
complex.

results.

In each

in aldehyde

the method was pursued

to see

Results of the initial test are

in Table 5 .

Duplicating
standard

levels in mechan-

of Lindsay and Day (1965) and using

of acetaldehyde,

69, 000 was reported

Sawicki et al. (1961) reported

for the acetaldehyde-dye

a molar absorptivity

complex.

of 66, 000

for the acetaldehyde-dye

a molar absorptivity

of 51, 000
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Table 5.

Concentration of aldehydes
chemical additives*

in turkey

meat containing

various

Time in storage

at -21C

30 days

45 days

60 days

mg/kg

mg / kg

mg / kg

1.44

3 . 12

4 . 80

1.10

3 . 25

6.02

1. 32

3.18

4.17

13.62gSalt#4

2.05

4.51

6 . 50

0. 75 g Sodium Erythrobate)
3 . 42 g Prague Powder
)
13. 62 g Salt #5
)

2.05

3.60

5.05

Samples

Control #1
0 . 75 g Sodium Erythrobate
3. 42 g Prague

*Acetaldehyde

#2

Powder #3

used as standard
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Modification

of Lindsay

and Day's

Effect of Dimethyl

sulfoxide

method

and antifoam

need for antifoam agent in the samples
also indicated

no advantage

agent.

used for this study.

or disadvantage

There was no
Test data

in using dimethyl

sulfoxide

(Table 6).

Table 6. Effect of dimethyl
readings

of solutions

sulfoxide

containing

Procedure

and antifoam agent on absorbance

11. 0,Ag acetaldehyde

Absorbance

Absorbance of
reagent blank

666 nm

666 nm

With DMSO and antifoam agent

0.365

0.042

With DMSO, no antifoam agent

0.350

0.025

With antifoam agent,

0.365

0. 040

0.345

0.020

no DMSO

Without DMSO and antifoam agent
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Effect of heating
of aldehydes

from identical

60 and 90 minutes
heating
minutes

time and temperature.

of heating

samples

The final concentration

showed a definite plateau

at 65 C.

time with maximum collection

The data indicates
of aldehydes

between

minimum

at 65 C was 60

(Table 7).

Table 7.

Comparison

aldehydes

* at

of heating

times at 65 C on final concentration

666 nm

Concentration

Heating time

*Concentrations

of

min

mg/kg

30

0.54
0.55

45

0.83
0.84

60

1. 22
1. 22

75

1. 22
1. 22

90

1. 24
1. 24

of aldehydes

compared

to standard

curve of acetaldehyde
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Effect of initial
time on absorbance

reaction

readings

time.

of 11. 0_)lg acetaldehyde

Table 8. Absorbance

readings

initial reaction

Twenty-five

time.

mum time necessary

indicate

to produce

a plateau

are shown in

after 25 minutes

minutes initial reaction
maximum reproducible

Table 8. Effect of initial reaction
containing

The effect of initial reaction

time on absorbance

was mini-

absorbance.

readings

of solutions

11. 0 ,Pg acetaldehyde

Absorbance

Initial reaction
min

666 nm*

10

0.047
0.070

15

0.202
0.207

20

0.300
0.295

25

0.330
0.330

30

0.330
0.330

35

0.330
0.330

*All samples were read against

appropriate

reagent

of

blanks.
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Modification

of procedure

Ferric
oxidation

chloride

oxidation

time. The effect of ferric chloride

time on final absorbance

As the volume of O. 4 %aqueous
ferric chloride

were reduced

for reproducible

absorbance

readings

are shown in Table 9.

3M2BH and O. 2 %aqueous hydrochloric
the longer the oxidation

readings.

time required

35

Table 9. Effect of ferric
reproducibility

oxidation

of 11. 0pg acetaldehyde

Oxidation

*All samples

chloride

time on sensitivity

and absorbance

solution

time

Absorbance

min

666 nm*

20

0.042
0.085

25

0.115
0.092

30

0.125
0.164

35

0.224
0.250

40

0.275
0.300

45

0.325
0.295

50

0.332
0.332

were read against

appropriate

reagent

blanks.
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Aldehyde

collection

study is shown in Figure
nitrogen

system.

The collection

system used in this

2. The design allowed individual

gas to each sample controlled

at the nitrogen

tank.

flow of
Samples

were placed in 250 ml flat bottom flasks with (24/ 40 g/ s) fittings

to be

heated in a water bath.

to

allow purging

Male (24/40 g/s)

with nitrogen

volatile aldehydes

through

fittings were designed

gas and an exit for the nitrogen
the aqueous

3M2BH reagent.

The system allowed for maximum volatile gas retention
with no transferring

of reagent

necessary

gas and

.

efficiency

Figure

2.

Aldehyde

collection

system
c.,
-:J
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3-Methyl-2-benzothiazolinone
hydrazone
(3M2BH) method
The main disadvantages
were the need to transfer
added cost of dimethyl
reagent

the reagent

sulfoxide

to collect volatile
The presence

before reading

and antifoam agent,

or disadvantage

to a volumetric

collection

container.

and low volume of

in the procedure

flask,

However,

a volumetric

so their use was

the reagent

from a collection

flask was implemented

its use presented

hydrochloride

,

water and O. 5 ml of dimethyl sulfoxide . Twelve and

one half milliliters

of ferric

oxidation

and 5 ml water for rinsing

reaction

as the

another problem ,

Lindsay and Day (1965) used 2. 5 ml of aqueous hydrazone
2. 5 ml of distilled

the

and antifoarn agent were found

To keep from having to transfer

container

the absorbance,

aldehydes.

of dimethyl sulfoxide

to have no advantage
eliminated.

of the Lindsay and Day (1965) procedure

chloride

solution was then added for the
the purging

tip bringing

the total volume of liquid to 23 ml.
Acetone is needed as a masking
excess hydrazone

reagent

agent in that it combines with the

and stops the oxidation

make up 50 % (25 ml) of the total volume.
flask as the collection

container

to bubble the volatile aldehydes

It must

In using a 50 ml volumetric

5. 5 ml of liquid was not enough liquid
through.

Using a ratio of 1: 5 hydrazone
reducing

reaction.

reagent

the volumes to O. 5 ml of hydrazone

to ferric chloride,
and 2. 5 ml of ferric

but
chloride ,
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more distilled

water could be added to increase

Matched cuvets
by reading

altered

handled

spectrophotometer.

since it is not possible

to obtain absorbance
tone in diluting

reagent

The initial sample dilution was
to dilute successfully

readings

(Lindsay

the final dye complex

and Day 1965).

the final dye complex reversed

If an excess concentration
concentration

with the azine.

of aldehyde

of hydrazone

This resulted

was determined

blank on a Beckman Model

An excess of ace-

the reaction

ting solution was pale yellow similar to the reagent

a negligible

liquid level.

(1. 000 cm) were used and absorbance

against a similarly

DB recording

the collecting

and the resul-

blank.

was added to the hydrazone,

would be available

to react

in a weak final color intensity

(Sawicki

et al. 1961) .
Absorbance
are presented

readings

used for preparation

in Table 10.

The acetaldehyde-dye

of the standard

curve

complex obeyed Beer ' s

Law from 2 to 22.)(g per 50 ml of solution at the wave length maximum of
666 nm.

To determine
of acetaldehyde
standard
scanned
absorption
66,000.

the maximum wave-length,

were prepared

curve preparation)

standard

for normal color development
. The visible

absorption

with a Beckman Model DB recording
readings

several

are shown in Figure

spectra

solutions

(similar

to

were

spectrophotometer.

3 with a molar absorptivity

The
of

40

Table 10. Absorbance
acetaldehyde

readings

used for preparing

Final concentration
of acetaldehyde

at 666 nm for the concentrations
the standard

curve*

acetaldehyde

(x 10- 6 moles/liter)

Absorbance

g

666 nm**

1. 0

2.2

0.066

2.0

4.4

0.132

3.0

6.6

0 . 200

4. 0

8. 8

0 . 264

5.0

11 . 0

0 . 331

6. 0

13 .2

0 . 396

8.0

17 .6

0 . 530

10.0

22 . 0

0.660

* Obtained

using final modified procedure

**All samples

were read against

of

appropr i ate reagent

blank

635

666

1.0-.-~~~~~~~~~~~~.L-~---l.~~~~~~~~~~~~~

z

0

r-

Q_

0::: o. 5
0
(f)

m

<I:

0.0 _J_~~-,-~~-.-~~,-~~r-~~.-~~
600

700

WAVE LENGTH

Figure

3. Visible

absorption

spectra

obtained

800

NM

in standard

colorimetric

procedure

""'
,-....

42

Aldehyde
oxidative

aldehyde
sensory

concentration
rancidity

vs.

The objective

of this phase of the study was to determine

concentration

the

at which rancid odor could be detected by a

panel .
The results

in Table 11 indicate

of 1. 7 to 2. 0 mg acetaldehyde

that at aldehyde

per kg of sample,

panel could detect a rancid odor.

However,

concentrations

75 %of the sensory

the aldehyde

concentration

had to more than double for 100 %of the panel to detect a rancid odor.
The lowest aldehyde

concentration

level that was detectable

panel members was 1. 23 mg acetaldehyde

Table 11 . Concentration
acetaldehyde,

of aldehydes

by a few

per kg of sample.

in mg total aldehydes,

* as

per kg of sample

%of panel members

detecting

a rancid odor

75-78

86-88

91--100

Test sample 1

1. 85

3.15

4.34

Test sample 2

1. 73

2.92

4.51

Test sample

1.98

2.92

4.58

Range

0 . 25

0.23

0 . 24

Average

1. 85

3.00

4.48

3

*Obtained using final modified procedure.
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Organoleptic

evaluation

chemical methods estimating
the time-consuming

oxidative

reproduced

against which

will be judged.
restricts

However,

the use of

of chemical methods . The chemical methods
out and more accurately

at any time or place (Lea 1962).
companies utilizing

products

can determine

products

by using the 3M2BH procedure.
Processors

approximate

stability

obtaining

age, stability

The aldehyde

MDTM in further

MDTM will be able to determine

(Figure

processed

life of MDTM and MDTM

in further

processed

4) but by evaluating

levels do not have to be adjusted

since the aldehyde

lipid fraction.

and storage

and usefulness

not only by visual appearance

products

rancidity

they can be more easily carried

Meat processing

levels.

the criterion

nature and poor reproducibility

tasting tests to the calibration
are needed because

remains

its
products

the aldehyde

for different

level is not affected by the structure

meat

of the

FRESH

IVfECHANICALLV

Figure

4 . Visual comparison

STORED

DE

BONED

TURKEY

of fresh vs . rancid mechanically

SIX.

\V\ON,HS

\V\EA,-

de boned turkey

meat
.,:,.

""'
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2-Thiobarbituric
acid test vs.
3-methy 1-2-benzothiazolinone
hydrazone test
The results
Figure

of this comparison

are shown in Table 12 and

5.
Thiobarbituric

acid analysis

as described

by Sinnhuber

and

Yu (1958) was used to compare with the 3-methyl-2-benzothiazolinone
hydrazone

analysis.

malonaldehyde
hydrazone

The TBA values are expressed

per kilogram

values

of sample,

are expressed

TBA analysis

in milligrams

blank,

of the aqueous hydrazone

recorded

no difference

while the hydrazone

. 52 mg per kg of sample.

of acetaldehyde

decline.

This same plateau

(1974, unpublished

per kilo-

showed an indication

hydrochloride

procedure.

The

between the test sample and the reagent

test recorded

an aldehyde

The TBA values exceeded

until the 22nd day of storage

of

and 3-methyl-2-benzothiazolinone

gram of sample . The first day of sample testing
of the sensitivity

in milligrams

concentration
the hydrazone

of
values

when the TBA values began to level off and
effect has been reported

M. S . Thesis,

by Juntip

Utah State University

Chongdarakul

Library,

Logan,

Utah).
Both curves
increase

in values.

The difference

off and the hydrazone
exhibited

sensitivity

forming increasing

showed a gradual

increase

followed by a rapid

then showed up as the TBA values leveled

values showed a more gradual
to aliphatic,

color reactions

aromatic,

increase.

and heterocyclic

The hydrazone
aldehydes

after TBA values leveled off.

by
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A further

advantage

of the 3M2BH test is that the TBA procedure

can be used on the same sample after completion
This was beneficial

in determining

whether

of the 3M2BH test.

TEARS were reacting

with

the 3M2BH.
TBA values

were determined

the 3M2BH test had been completed;

on a few samples

no differences

before and after

were shown.
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Table 12 .

A comparison of the 2-thiobarbituric
acid and 3-methyl-2-benzothiazolinone hydrazone test values on mechanically deboned turkey meat

1,2
3M2BH
mg acetaldehyde/
kg of sample

1
TBA
mg malonaldehyde/
kg of sample

Days in
storage .

1

0

0.52

3

1.0

0.65

8

10.5

1.05

10

12.0

1.12

15

31. 0

2.44

17

40.5

3 . 24

22

60 . 5

4.10

24

55.0

4 . 58

31

55.0

4.75

36

54.0

5 . 28

43

53.0

5.80

52

45 . 0

6.15

57

44.0

6.35

lAll samples
20btained

were read against

appropriate

using final modified procedure

reagent

blank

eo

8.0

75

7.5

70

7.0

65

---

-
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SUMMARY

A review

of past research

used to measure
more reliable
earlier

oxidative

objective

procedures

hydrazone

test.

rapid analysis
To estimate

rancidity,

chemical

Sensory

rancidity

aldehydes

of oxidative

panel tests were repeated

concentration

levels were reproducible

then oxidizes

to lower molecular

hydrazone

aldehydes

(Table 11).

form the blue cationic

aldehyde

method was then compared
of oxidative

5) show a rapid formation

. However,

the malonaldehyde

of malonaldehyde

weight aldehydes.

Acetaldehyde

aldehyde

times and aliphatic

acid color complex is formed with malonaldehyde
level off and decline.

aliphatic

.

(Table 12; Figure

as the formation

meat.

odor.

the method most often used as an indicator

and acetaldehyde

level off and decline

for rancid

to determine

several

and be a

low molecular

odors could be detected

The 3-methyl-2-benzothiazolinone

malonaldehyde

of these

in turkey

volatile

which are responsible

The sensory

The results

rancidity

the test measures

levels at which rancid

rancidity.

the need for a

to use as few chemicals

panel tests were conducted

acid,

indicates

tests

from the 3-methyl-2-benzothiazolinone

concentration

to thiobarbituric

chemical

The major deficiencies

The test was designed

oxidative

evaluating

clearly

test.

were eliminated

for the estimation

weight aliphatic

conducted

reaches

of

values
a maximum

The thiobarbituric
only and is why its values

and other low molecular

weight aliphatic

dye with 3-methyl-2-benzothiazolinone

50

hydrazone.
aldehydes

Because of its color complex formation with one or more
the hydra zone test showed no marked leveling

test also exhibited

greater

levels at the beginning

sensitivity

at lower aldehyde

of the comparison . The hydrazone

off.

The hydrazone

concentration
test recorded

aldehyde

level of O. 52 mg per kg of sample while the thiobarbituric

indicated

no malonaldehyde.

an

acid test
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Sample
Fresh

Sample
Fresh

#1

#1

Sample __
Fresh

#1

#2

#2

#2

#3

#3

#3

#4

#4

#4

Rancid #5

Rancid #5

Rancid #5

Directions:

Figure

6.

Check #1 if the unknown sample smells like the fresh sample
provided.
Check #2 if the unknown sample smells different
Check #3
than the fresh sampfe but is not rancid smelling.
if you can not tell if the unknown sample is more like the
fresh or like the rancid sample.
Check #4 if the unknown
sample smells rancid but not as bad as the rancid sample
provided.
Check #5 if the unknown sample smells like the
rancid sample provided.

Sensory

evaluation

sheet
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